Non-steroidal anti-inflammatory drugs (NSAID) are commonly utilised in sports medicine. NSAID have known anti-inflammatory, analgesic, antipyretic and antithrombotic effects, 1 although their in-vivo effects in treating musculoskeletal injuries in humans remain largely unknown. NSAID analgesic action does not appear to be significantly greater than paracetamol for musculoskeletal injury 2 but they have a higher risk profile, with side-effects including asthma exacerbation, gastrointestinal and renal side-effects, hypertension and other cardiovascular diseases. Evidence-based working groups on pain management recommend using regular paracetamol as first-line treatment for acute 3 and chronic musculoskeletal pain. 4 Furthermore, intramuscular NSAID have additional risks with fluctuant drug levels, infection and muscle necrosis such as in Nicolau syndrome. 5 NSAID work via cyclooxygenase (COX) inhibition, thus blocking prostaglandin production from arachadonic acid. Prostaglandin inhibition will decrease the cascading inflammatory response, but will also lead to increased leucotriene production through the ''overflow'' pathway for arachadonic acid. 6 COX-2 inhibitors are a subclass of NSAID that specifically block the COX-2 enzyme, and subsequently have fewer gastrointestinal sideeffects and renal side-effects but at a cost of an increased risk of cardiovascular side-effects. NSAID in sports medicine practice are delivered as topical, oral, intramuscular or, less commonly, intravenous preparations. Daily NSAID use in the general population is 1-4% 7 8 and in elite athletes at Olympic games or during Fédération Internationale de Football Association World Cup football tournaments, the reported use of NSAID is as high as 25-35%. [9] [10] [11] Given their availability, the use of NSAID to treat sporting injury in the general population is probably similar to that seen in elite sporting populations. As medical practitioners, sports physicians are obliged by the Hippocratic oath to ''first do no harm'', and this discussion paper will attempt to address the utilisation of NSAID use in musculoskeletal injury pragmatically.
RATIONAL USE OF NSAID IN SPORTS MEDICINE
Recent well-publicised adverse events surrounding COX-2 anti-inflammatories, in combination with an increased understanding of soft-tissue injury pathophysiology, have resulted in NSAID use in sports medicine being challenged. 12 While recognising that NSAID utilisation rates have potentially been too high in the past, 13 we caution against the attitude of shunning NSAID use as they are potentially helpful in many common sports medicine scenarios. Early functional mobilisation is a key component to the rehabilitation and early return to sporting activity following many injuries, and pain management is integral to this.
14 In addition to their well-documented anti-inflammatory action, NSAID are known to be moderately potent analgesics, 1 and therefore when prescribing, one must consider whether they are being used for analgesic, anti-inflammatory or a combined benefit.
Acute muscle and chronic tendon injuries are two areas in which great progress has been made in recent years. 15 16 While in tendon injuries it is established that inflammation is not a prerequisite for pain in chronic tendinopathies, the opposite appears to be true in the early phases of muscle strain injury, when inflammation is present and its modulation may be critical. [17] [18] [19] Regarding muscle strain injury, concerns of increased bleeding from the anti-platelet effect of COX-1 inhibition of thromboxane A2 had traditionally led to NSAID use being a relative contraindication in the early phases, but with the advent of specific COX-2 inhibitor formulations, this became less relevant. Inflammation initiates macrophage action, with subsequent phagocytosis of necrotic tissue and stimulation of new capillary formation, vital aspects of muscle regeneration. However, inflammation also causes oedema with resultant anoxia and further cell death. The extent of the early inflammatory response after injury may be excessive. 20 Modulation of this inflammatory response with low-dose NSAID in the subacute phase, after the early macrophage-mediated processes have begun, may have beneficial effects 21 22 by limiting oedema, without affecting satellite cell and fibroblast proliferation, 23 myotube and capillary regeneration 23 or subsequently tensile and contractile strength. 24 By contrast, however, impediment of regeneration and increased fibrosis in the latter stages of muscle healing may suggest that NSAID use is contraindicated once regenerative processes have begun. 23 25 Due to the potentially critical role of the COX-2 enzyme in muscle regeneration and the cardiovascular risk profile, COX-2 inhibitors should not generally be used to treat muscle injury. 25 26 In contrast to muscle strain injuries, the benefits of using NSAID in eccentrically induced muscle soreness is well established. 27 The use of NSAID patches have recently been shown to be beneficial in the early management of contusion type injuries, 28 and the risk of myositis ossificans has been shown to be reduced post-surgically by the expedient use of NSAID. 29 NSAID are thus not contraindicated in muscle injury per se, but should be used with consideration of the specific pathology being treated.
The majority of literature surrounding tendinopathy is specific to chronic tendinopathy. The histopathology of tendinopathy is typically degenerative, with an absence of inflammatory cells or biochemical markers of inflammation. 30 The pain of tendinopathy thus not associated with bursitis, tenosynovitis or other inflammatory comorbity could be rationally treated with paracetamol rather than NSAID. Whereas tendinopathies with an associated co-morbid inflammatory component may benefit from NSAID, it is also not uncommon for team physicians at the elite level to see the first presentation of a tendinopathy within 1-2 days of pain onset. In this situation, it may not be unreasonable to attempt to treat any suspected tendon or paratendon inflammatory-mediated symptoms with NSAID.
Ankle sprains are a common presentation to sports medicine practitioners, with numerous potential pathological components including ligament injury, intra-articular synovitis and chondral damage. COX-2 inhibitors have been shown to impair healing in ligament 31 and bone, 32 and probably should not be use to treat acute joint injuries. While several studies have shown enhanced functional recovery after ankle sprain when NSAID were employed in addition to standard rehabilitation techniques, 33 34 it is suggested that while the decreased pain may allow an earlier return to army training, ultimately they have increased instability and a decreased range of motion. 34 This may suggest that NSAID are having both an analgesic and antisynovitic benefit, rather than any effect on ligament healing. 34 However, to uniformly exclude NSAID from the treatment armoury of ankle sprains would appear premature, based on the knowledge available, and when the predominant functional limitation may be synovitis.
Inflammatory conditions such as rheumatoid arthritis clearly benefit from NSAID, and many of the co-morbities of such conditions, in particular inflammatory bursitis, intra-articular synovitis and tenosynovitis, are common sporting presentations to the sports physician. A trial of oral NSAID before more aggressive interventions is considered acceptable practice and should not be excluded.
What is already known on this topic
NSAID are commonly used in sports medicine, and have antiinflammatory, analgesic and antithrombotic effects, but their invivo effects in treating musculoskeletal injuries in humans remain uncertain. 
CONCLUSION
The use of NSAID for sports injuries continues to be controversial, particularly in the treatment of muscle and ligament injuries. Conclusive support for NSAID use is limited due to numerous animal studies, but few randomised clinical trials in humans. Sports medicine encompasses a broad spectrum of pathology and clinical situations. The authors recommend an approach whereby simple analgesia is preferentially used when analgesia is the primary desired outcome. However, based both on the current pathophysiological understanding of most injury presentations, and the frequency that inflammation may actually be a component of the injury complex, it is premature to suppose that NSAID are not useful to the physician managing sports injuries. The prescribing of NSAID should be cautious, and both situation and pathology specific. Both dose and duration minimisation should be prioritised and combined with simple principles of protection, rest, ice, compression, elevation (PRICE), which should allow NSAID-sparing. NSAID use should always be coupled with appropriate physical rehabilitation. There are many barriers to physician adherence to NSAID utilisation guidelines, including personal experience, the perceived limited validity of guidelines and the limited applicability of guidelines for specific patients. 35 This needs consideration when recommending medication use. Given the current evidence and current understanding of injury pathology, we have formulated pragmatic clinical guidelines for oral NSAID use in sports injuries (table 1) .
